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(54) JOINT STRUCTURE FOR MEMBERS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a joint structure in which the penetration of a joint 
surface metal is obviated and the joint strains between two members varying in the coeffts. of 
expansion are decreased by metallurgically coupling the two members by holding a melt 
phase of an alloy contg. an active metal between these members. 

SOLUTION: The members of the joint structure of the metal-metal, the metal-ceramics are 
joined across the melt phase of the M-X (X is the active metal) alloy. The joint surface of the 
metallic member consists of the metal Y which does not form the alloy with the metal M or a 
metallic material formed with an oxidized film or nitrided film which does not cause the 
reaction of the molten metal M. Y does not melt into the metal M in the case of the metal Y. 
The penetration of the metallic component into the metal M does not arise in the case of the 
metallic material formed with the oxidized film and the nitrided film. The active metal X 
added into the metal M is diffused into the metal Y or the oxidized film and nitrided film, by 
which the melt M-X alloy and the metal Y or the melt M-X allay and the oxidized film and 
nitrided film are metallurgically coupled. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the structure joined in metallurgy on both sides of the melt phase of an alloy in between, two 
members which the plane of composition of one [ at least ] member becomes from a metal — M-X (X is an active 
metal) — Junction structure of the member characterized by coming to join Metal Y to alloy M-X in metallurgy 
when this joint metal side consists of a metal Y which does not react with the melt of Metal M and exists in the state 
of solid phase at the melt temperature at the time of junction of this M-X alloy and this active metal X is spread to 
this metal Y. 

[Claim 2] Junction structure according to claim 1 which is the alloy which uses as a principal component a kind or 
two sorts or more of metals with which the above-mentioned metal M was chosen from In, Sn, Au, Ag, Cu, AL, Pd, 
Zn, Pb, and Cd, and is the metal with which Metal Y was chosen from Cr, Mo, and W. 

[Claim 3] Claim 1 the above-mentioned metallurgical junction is [ claim ] with a low, or junction structure given in 
2. 

[Claim 4] It is the structure joined in metallurgy on both sides of the melt of an alloy in between, two members 
which one [ at least ] member turns into from a metal ~ M-X (X is an active metal) — A kind or two sorts or more 
of metals of this metal member with which the plane of composition was chosen from (Fe, nickel, Co) at least, and 
a kind or two sorts or more of metals chosen from (Cr, AL, Si) with the alloy used as a principal component And 
jimction structure of the member characterized by consisting of 1% or more of alloy if it is in Cr, it is in AL 10% or 
more and it is in Si 1% or more, and coming to form in the front face of this alloy the oxide film of Cr included as a 
component, AL, or Si. 

[Claim 5] Junction structure according to claim 4 which is the alloy which uses as a principal component a kind or 
two sorts or more of metals with which the above-mentioned metal M was chosen from In, Sn, Au, Ag, Cu, AL, Pd, 
Zn, Pb, and Cd. 

[Claim 6] two members which one [ at least ] member tums into from a metal ~ M-X (X is an active metal) — the 
junction structure of the member characterized by being the structure joined in metallurgy on both sides of the melt 
phase of an alloy in between, and coming to nitride this joint surface of metal. 

[Claim 7] Junction structure according to claim 1 to 6 which is the metal with which the above-mentioned active 
metal X was chosen from Ti, Zr, Nb, and Ta. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention is concerned with the junction structure of a member, and relates to the 
junction structure which can make small junction distortion of two members from which a coefficient of expansion 
differs in more detail. 
[0002] 

[Description of the Prior Art] By junction of a metal-metal or metal-ceramic, in case the member from which a 
coefficient of thermal expansion differs is joined, it joins to wax material using a soft metal in many cases. For 
example, noble metals, such as low-melt point point metals, such as In, Sn, Zn, Pb, and Cd, and Ag, Au, Pt, Pd, are 
pushed, it is a metal soft in general, and if it joins using these, the thermal strain produced by the difference in a 
coefficient of thermal expansion will be eased by the plastic deformation or elastic deformation of these metals. 
Under the present circumstances, the problem is that the penetration of the plane-of-composition metal of joint 
material happens into these wax material metal. Consequently, a wax material metal hardens, the deformation 
resistance of a wax material metal becomes large, and the residual stress of a joint becomes large. A ceramic may 
be destroyed when the worst [ one side of a member is a ceramic, and ]. Since this penetration is an unescapable 
phenomenon metallurgically, consideration is paid to how conventionally, increase of the deformation resistance by 
penetration makes residual stress small, after admitting. The most general approach is inserting the interlayer who 
has an in-between coefficient of expansion, making the differential thermal expansion between adjacent members 
as small as possible, and making residual stress small by an interlayer*s insertion, is performed — it does not 

pass but the present condition is that fiindamental solution is not measured. 
[0003] 

[Problem(s) to be Solved by the Invention] The place which this invention was made in view of this situation, and is 
made into the purpose is that there is nothing or a thing which uses as an offer plug new junction structure which 
can be made into the minimum about the penetration of a plane-of-composition metal. 
[0004] 

[Means for Solving the Problem] this invention person acquired the following knowledge, as a result of inquiring 
wholeheartedly about the above-mentioned problem. That is, in order to abolish the penetration in a joint, when wax 
material and a joint metal do not react or it was made the combination of the metal which does not make an alloy, 
this invention was realized paying attention to what a joint metal does not melt into the fiised wax material 
(however, opposite side junction does not take place, either). It is the structure joined in metallurgy on both sides of 
the melt phase of an alloy in between, namely, two members which the plane of composition of 1. one [ at least ] 
member becomes from a metal — M-X (X is an active metal) — Junction structure of the member characterized by 
coming to join Metal Y to alloy M-X in metallurgy when this joint metal side consists of a metal Y which does not 
react with the melt of Metal M and exists in the state of solid phase at the melt temperature at the time of junction of 
this M-X alloy and this active metal X is spread to this metal Y. 

2. Junction structure given in 1 which is alloy which uses as principal component kind or two sorts or more of 
metals with which above-mentioned metal M was chosen from In, Sn, Au, Ag, Cu, AL, Pd, Zn, Pb, and Cd, and is 
metal with which Metal Y was chosen from Cr, Mo, and W. 

3. 1 above-mentioned metallurgical junction is [ 1 ] with low, or junction structure given in 2. 

4. It is Structure Joined in Metallurgy on both sides of Melt Phase of Alloy in between. Two Members Which One 
[ at Least ] Member Turns into from Metal — M-X (X is Active Metal) — A kind or two sorts or more of metals of 
this metal member with which the plane of composition was chosen from (Fe, nickel, Co) at least, and a kind or two 
sorts or more of metals chosen from (Cr, AL, Si) with the alloy used as a principal component And junction 
structure of the member characterized by consisting of 1% or more of alloy if it is in Cr, it is in AL 10% or more 
and it is in Si 1% or more, and coming to form in the front face of this alloy the oxide film of Cr included as a 
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component, AL, or Si. 

5. Junction structure given in 4 which is alloy which uses as principal component kind or two sorts or more of 
metals with which above-mentioned metal M was chosen from In, Sn, Au, Ag, Cu, AL, Pd, Zn, Pb, and Cd. 

6. two members which one [ at least ] member turns into from a metal — M-X (X is an active metal) - the junction 
structure of the member characterized by being the structure joined in metallurgy on both sides of **** of an alloy 
in between, and coming to nitride this joint surface of metal. 

7. Junction structure given in either of 1-6 which are metal with which above-mentioned active metal X was chosen 
from Ti, Zr, Nb, and Ta. 

[0005] 

[Embodiment of the Invention] This invention is the junction structure of a member where one [ at least ] member 
consists of a metal. That is, it is the junction structure of a metal-metal and metal-ceramic, these members ~ M-X 
(X is an active metal) — on both sides of the melt phase of an alloy, it is joined in between. That is, it is joined in 
metallurgy with the fiised M-X alloy. At this time, the plane of composition of a metal member serves as Metal M 
from the metallic material with which the metal Y which does not form an alloy or the ftised metal M, the oxide 
film which does not react, or the nitride was formed. When melting into the metal M which Y fused in the case of 
Metal Y is also the metallic material with which the oxide film and the nitride were formed again, this metal 
component does not melt into Metal M. However, on the other hand, it is not joined in metallurgy. When the active 
metal X added in M here is spread in Metal Y or an oxide film, and a nitride, a melt M-X alloy. Metal Y or a melt 
M-X alloy, an oxide film, or a nitride is joined in metallurgy. 

[0006] 0.1 - several% of addition is enough as the active metal X added. It is 0.5 - 2% most preferably 0.1 to 5%. 
Since addition of excess (10% or more) hardens a M-X alloy, it is not desirable. 

[0007] Since the member front face of Metal Y should just be Y at least, the whole member does not necessarily 
need to be Y. Metal Y could be covered on different-species material. The effective means of covering are plating, 
thermal spraying, and sputtering. 

[0008] Metals Y are Cr, Mo, W, or these alloys, and Metal M is an alloy which uses as a principal component a 
kind or two sorts or more of metals chosen from In, SnZn, and Pb, Cd, AL, Au, Ag, Cu and Pd. 
[0009] A kind or two sorts or more of metals with which the surface component presentation was chosen from (Fe, 
nickel, Co) if it was in the member by which the oxide film was formed in the front face. It is the alloy which uses 
as a principal component a kind or two sorts or more of metals chosen from (Cr, AL, Si), and is Cr. When AL and 
Si exist independently, if it is in Cr, it is in AL 10% or more and it is in Si 1% or more, 1% or more of thing is 
desirable. When AL, Cr, and Si coexist with Cr, Cr is 5% or more and AL and 0.5% or more of Si are desirable 
respectively. When AL and Si live together, 1% or more has the desirable sum of AL and Si. When Cr, AL, and Si 
live together, 0.5% or more of Cr has the desirable sum of AL and Si at 5% or more. The thing of these component 
range is precise on a front face, and its adhesion is strong, and it can form the stable oxide film. Although there is 
no limit with the upper limit of these elements special to Cr, when economical efficiency is taken into 
consideration, in AL, it is to about 10% to about 5% to about 40% at Si. An ingot will become difficult if an upper 
limit is exceeded. The thing from which the whole may be formed in one with the ingredient of the above- 
mentioned component, or it was made only for a front face to become this component is sufficient as a member. 
That is, what covered the thing of this component on the front face may be used. Although it is applicable by any 
approaches if there is no special limitation and covering of this component can be formed in covering, it conflicts in 
inside and reason thermal spraying is effective. If the ingredient of this component carries out oxidation annealing 
at 800 degrees C or more of elevated temperatures, a still more precise and thick oxide film will be formed. 
Moreover, you may make it form an oxide film in the front face of a joint material metal by covering a ceramic. 
That is, a ceramic may be covered with means, such as thermal spraying, sputtering, PVD and CVD, or a sol-gel 
method. If sputtering and the technique of PVD and CVD are adopted, a nitride and a carbide coat can also be 
formed and all are effective in this invention. 

[0010] Although there is no limit special to a component if it is in the member by which the nitride was formed in 
the front face, the steel materials called nitriding steel are desirable. 

[001 1] An active metal may choose a kind or two sorts or more from Ti, Zr, Nb, Ta, and V, and they may be 

suitably used for it. 

[0012] 

[Example] 

Example 1 member 1: Plate of an alumina (phi200mmxl0mm thickness) 
Member 2: Plate of carbon steel (phi200mmx20mm thickness) 
Wax material: In-l%Ti (100 microns) 

The foil of wax material was inserted among members 1 and 2, and it was heated and made 800 degrees C with the 
low among the vacuum (1x10 to 5 torrs). The crack occurred to the plate of an alumina. Iron had melted into wax 
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material (In-l%Ti) so much. Next, nickel plating was carried out, 10 microns of chromium were plated on this, and, 
similarly 5 microns was made with the low the plate of the carbon steel of a member 2 on the same conditions on 
both sides of In-l%Ti (100 microns). The alumina has been joined without being divided. As a result of gazing at a 
microstructure, the penetration to the inside of In of chromium was not accepted. Moreover, the penetration of the 
chromium to wax material was not accepted by component analysis, either. By covering chromium, the penetration 
of steel was prevented into In and it has checked that effectiveness was in crack prevention. 
[0013] Example 2 member 1: Plate of Mo (philSOmmxSmm thickness) 
Member 2: Plate of a pure copper (phi ISOmmx 10mm thickness) 
Wax material: Sn-l%Zr (80 microns) 

The foil of wax material was inserted among members 1 and 2, and it was heated and made 850 degrees C with the 
low among the vacuum (1x10 to 5 torrs). The jointing material for corrugated fibreboard had curved to the bow in 
the direction of a pure copper. The amount of curvatures was 1000 microns. Copper had melted into wax material 
(Sn-l%Zr) so much. Next, thermal spraying of 100 microns and the tungsten was carried out to the plate of the pure 
copper of a member 2, and it carried out with the low on the same conditions on both sides of Sn-l%Zr (80 
microns). The amount of curvatures was 300 microns. As a result of gazing at a microstructure, there was no 
penetration to the inside of Sn of a tungsten. Moreover, the penetration of the tungsten to wax material was not 
accepted by component analysis, either. By covering a tungsten, copper penetration was prevented into Sn and it 
has checked that higher efficacy was in deformation prevention. 
[0014] Example 3 member 1: The plate of an alumina (phi80mmx5mm thickness) 
Member 2: The plate of Fe-3%C-3%AL cast iron (phiSOmmxlOmm thickness) 
Comparison Material 1 : The plate of Fe-3%C cast iron (phiSOmmxlOmm thickness) 

Comparison Material 2: What carried out 100-micron thermal spraying of the nickel- 10%Cr-3%AL-l% Y alloy to 
the plate (phiSOmmxlOmm thickness) of Fe-3%C cast iron. 
Wax material: AL-0.5%Ti (120 microns) 

Among atmospheric air, the member 2 was heated at 900 degrees C for 2 hours, and was oxidized at them. The foil 
of wax material was inserted, respectively between members 1 and 2 and a member 1, and the comparison material 
1 and 2, and it was heated and made 850 degrees C with the low among the vacuum (1x10 to 5 torrs). The alumina 
has been joined in members 1 and 2, without being divided. In component analysis, the penetration of the cast iron 
to wax material (AL-0.5%Ti) was not accepted. On the other hand in a member 1 and the comparison material 1, 
the alumina broke. In this combination, aluminum and cast iron alloyed and the hard and weak phase was formed. 
On the other hand by the member 1 and the comparison material 2, it has joined, without an alumina breaking. In 
component analysis, the penetration of the thermal-spraying layer to wax material (AL-0.5%Ti) was not accepted. 
Penetration was prevented with the oxide film of a thermal-spraying layer front face. It has checked that formation 
of an alloy layer was prevented and a crack could be prevented with the oxide film on the front face of a member. 
[0015] Example 4 member 1: The plate of an alumina (philOOmmxSmm thickness) 

Member 2: The plate of the Fe-0.1%C-2%Cr steel which carried out nitriding treatment (phi lOOmmx 10mm 
thickness) 

Comparison material: The plate of Fe-0.1%C-2%Cr steel (processing [ no ]) (phi lOOmmx 10mm thickness) 
Wax material: Sn-0.5%Ti (100 microns) 

The foil of wax material was inserted between members 1 and 2 and a member 1, and comparison material, 
respectively, and it was heated and made 850 degrees C with the low among the vacuum (1x10 to 5 torrs). The 
alumina has been joined in members 1 and 2, without being divided. In component analysis, the penetration of the 
iron to wax material (Sn-0.5%Ti) was not accepted. On the other hand in a member 1 and comparison material, the 
alumina broke. In this combination, iron melted into Sn and the hard and weak phase was formed. It has checked 
that formation of an alloy layer was prevented and a crack could be prevented by the nitride on the front face of a 
member. 

[0016] Example 5 member 1: The plate of silicon carbide (phi80mmx2mm thickness) 

Member 2: The plate of Fe-42%nickel steel (phiSOmmxlOmm thickness) (it is 30-micron thermal spraying about 
high purity alumina to a plane of composition) 

Comparison Material 1: The plate of Fe-42%nickel steel (processing [ no ]) (phiSOmmxlOmm thickness) 
Comparison material 2: The plate of the Fe-42%nickel steel which covered TiC with 0.5 microns and PVD to the 
plane of composition (phiSOmmxlOmm thickness) 
Wax material: Sn-5%Ag-l%Zr (100 microns) 

The foil of wax material was inserted, respectively between members 1 and 2 and a member 1, and the comparison 
material 1 and 2, and it was heated and made 850 degrees C with the low among the vacuum (1x10 to 5 torrs). The 
ceramic has been joined in members 1 and 2, without being divided. On the other hand in a member 1 and the 
comparison material 1, the plate of a ceramic broke. In this combination, wax material and 42nickel steel alloyed 
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and the hard and weak phase was formed. On the other hand by the member 1 and the comparison material 2, it has 
joined, without a ceramic breaking. In component analysis, the penetration of 42nickel steel to wax material was not 
accepted. Penetration was prevented with the PVD coat of TiC. It has checked that formation of an alloy layer was 
prevented and a crack could be prevented with the ceramic film on the front face of a member. 
[0017] 

[Effect of the Invention] As a full account was given above, this invention has the crack of joint material, and the 
description which can carry out [ minimum ]-izing of the deformation, and demonstrates great power to junction of 
the large-sized member of a metal and a ceramic ingredient. 



[Translation done.] 
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iz-t^ 5 -y s-i^s-r .1, >r i: i,zx -oxm-fmirmmth 
•y^|J>-^^, PVD. CVD, &.&v>{4yyi'-y;i^ffi^ 

W#gTiSSUTtJ:V\ ;^^N*>y:J"J>':J^, PVD, C 

v^mt*i^HBcc{4^i^isST'S>.s.. 

[0010] «HCM-ftlS3!)*J^fig$nfcSI5Wtc&-5-C 

{4, m^izmvjMmi^^y-¥. m'^mtw^t(^1^i,m 

[0011] «14ifeJg{4, Ti, Zr, Nb. Ta. V 

/?>— aS) s V ^{4 -sjjLhS: s^■C3as^Sffl lt t 

[00 12] 

[Mfi^lJ] 

SS^Jl : Ty^$•^^7)^ {^2 0 OmmX 1 Ommli 
$) 

gP*t2 : ^mcom (<t> 20 0mm X 2 Ommm^) 
^ott: In-l%Ti (1005:?'a>') 
mtlt 2</)mz:bdtt(m^:^^. KS* ( 1 x i o 
- 5 h-/u) 8 0 0'cms?!iLTn-#tJt. r;^5-^ 

(Omzlti^ y -y^tf^^^btz. ^ { I n - 1 %T 

i ) fc:^4«lc3&<^fit:^S{ti2>^•C'v^Jt. mz. mf2<DSi. 

uJ^i 1 0 5^'ny;< .y^f L, |SIt< I n- l%Ti 
(10 0 5 :5'n>') ^^^T'|plt^fl=T-^-#L/^:. T 
;i'5-^{4mii-g.::t^<«^-C'|;/c. S^J'Dffl^^lR^ 
LJti^m, i^ojxcoi n4'^«?D?W{mi?'^{4l2a6 4.^=3:3!)^ 



(4) 
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[0 0 13] mmm2 

gPttl : MocT);^ {^18 0mmx5mm;i$) 
SB«2 : *efflcO« (*18 0mmxi 0mmJ?$) 
^a«:Sn-l%Zr (80S^'o>) 
gPWl t 2(Omi,Z^om<r)mimA-. KS* (1X10 

mmff):f7mz^^x'oi,zK'>x\^tz. K'omi. looo 

S.i^ayX'hr,f^. (Sn-l%Zr) lC{±iB*i 

OS^J'ny, ^'Vi/XT-VSrjgStL, Sn-l%Zr 
S{4, 3 00 5;5'o:^T*->^, S^offlaS$-|^L^ 

{412:46 ^>fi:5r*»-9/i. ^yyxT-y^mm-r^ztizx 
[0 0 1 4] mmms 

SPtn : r;^5-^^0« (*80mmX5mmJI$) 
gPtt2 : Fe-3%C-3%AL««fe<7);K (*80mm 
X 1 OmmJ?$ ) 

JtlKWl : F e-3%Cm§k<0U (^SOmmX 1 Om 

Jtl2«2 : Fe-3%Cigffe<0« (.^SOmmXl Om 
mJf$) ICN i - 1 0%C r-3%AL- l%Y-g-^^ 
1 00 5i7o>'j§ltt/it<^, 
^dW:AL-0. 5%Ti (120$^O>-) 
gS«2 {i:*;^* 9 0 O-Cfc 2 t^mLXWUmm L 

fz. ^mit2. iijix/^m 1 timm i . 2<r>mz^ 

it^fih^M<r>^^mi-. (1x10-5 h- 

;U) 8 5 0X:{'Jnl?!itTa-#L7t. gp«l t 2T-{4r 

^«(AL-0. 5%Ti) ^<7)i6gfcc7)jg{tjiP5^{4i2a6 

hfi-^jitf^-^fz, --Hm\ 1 1 Jt«m 1 X'\rr)v^-f-i3m 

•ftt, S<-C»|V>ffl*im?tlTV'>;t. -#gp«l tit 
^ViX'it. boVS (AL-0. 5%Ti ) ^(OTimmcr) 

m\mwitmt^infj:i)^'>fz. mmm^mcDmimx-m 



[0015] mtmA 

SP*tl : T;l^5-^C0:^ ( * 1 0 0 mmX 5 mmJ|f$ ) 
W^2 -.mmmLtzF e-0. l%C-2%Crm<r> 
^(01 0 OmmX 1 0 mm®? ) 
Jt««:Fe-0. l%C-2%Cr^«0:K (i^a) 
(<^ 1 0 OmmX 1 Ommff$ ) 

: Sn-0. 5%Ti (100S:?O>') 

am 1 fc 2 , axx/sum 1 1 ib^wcost'-eii-f n-?) a 

«<7)?SS:6^^. (1x10-5 8 5 O'C 

iznrn LXd-ntfz. mtit2 x-htjI' s. -titwtix 

?>Zt^^<m^T^tl. B!t^^J-«fC«. (Sn- 
0. 5%Ti ) /\co^(o>t{t32.^(4i246/^il^:*^-:>/i. 

*?-ii-c'«4, s n +^=^§^ta^T'l!< xm\ ^m<m^ 
$tix\^fz. sit^mmc7)mimi,zX'>x-^^m<ommt: 
ffliht. wimm^x'thzttmrnx'^fz, 
iooi6]mmm5 

mtl : «-ft^W^fg<:0« (.^80mmX2mmiP$) 
gB^f2 : Fe-4 2%N iMcOU (<^80mmXl0m 
mJl§) («-gf®{Ci«i^ryl^S-^2r3 0 5:?o>'^ 
St) 

Jtt2«l : Fe-4 2%Ni«!<?):K (SiSaffl) (^80 
mmX 1 Omml??) 

Jt«H*2 : »-^MtCT i C?:0. 5S:7o>, PVDT 
^WLfzF e-4 2%N imcO^ (fliSOmmXlOm 

-?>aW: Sn-5%Ag-l%Zr (1 OOS^oy) 

miit2, mi/mi^itsmmi. 2cr>mz^ti^' 
tiio^<omi:mi^. n^'p (1x10-5 h-;p) s 

5 O-CtjD^L-Co—ftL;^^. 1 1 2-C'«-b7 S -x 
^ imtlh ZbKc< «^T'# 7t . -U^lFi 1 i: it«E« 1 
•C'fi-fe 7 S ^ co^K^^'i'JtiT'c , C (Om^^-^h^tX-ii . h 
■3 1* 1 4 2 N i b , ?@l< "CMV ^ffl*5Jgfl£$^ 

TV^^vi. -:ergi5«li:Jtlg«2T{4-fe7 5 y^'*5SijixS 
^hts:<^^X% fz . ^^i^mX'li . h 0 4 2 N 
^.m(nm^r^Mimit:>ilts:iJ">fz. TiCcOPVOIS 

mi'miTLfi-imjt^ ttx \ ^rz , as««H«?D-fe 9 5 -y 
\ztmnx'%tz, 

[00 17] 



